The methods used to evaluate excess enthalpy data are described. The evaluation results for the benzene + cycIohexane system are presented. The needs for new experimental data are defined.
. . Introduction
This paper is. the first in a series of evaluation reports on excess enthalpy (HE) data for binary mixtures of nonelectrolyte liquids. It is accompanied by two parallel papers [1, 2] 1 each of which is the lead paper in similar series for excess volume (VI:!. ) and vapor-liquid equilibrium (VLE) data. Each of these three lead papers present the specific evaluation methods used for the given property, and then apply those methods to the first binary system to be reported the benzene(l) + cyc1ohexane(2) system. These three papers have been preceded by another paper [3] which described those Laboratory procedures which are not specific to one of the three mixture properties being covered. Items covered there include the literature document retrieval methods, the computer program libraries developed for the pure compound and mixture evaluation projects, the methods used to evaluate pure compound data and store it in a computer data bank in order to make good compound data readily available to the mixture programs, and the way equations-of-state are used to model the vaporphase behavior in the VLE data sets evaluated.
The C 6 hydrocarbon + C 6 hydrocarbon mixture class has been chosen as the first one to be processed. That mixture class contains three binaries-benzene + cyclohexane, Ipigurcs in brackets indicate literature references at the end of this paper. J. Phys. Chern benzene + hexane, cyclohexane + hexane--for which a large number of HE data sets have been measured. Because of the amount of data available, those three binaries will be covered in separate reports with the benzene + cyclohexane system being covered first. The remaining binaries in the Co + Co hydrocarbon class will be covered in a single report. The benzene(l) + cyc1ohexane(2) system is well established as a test system for experimental HE measurement devices. However, its value as a test system has been diminished by the lack of a thorough, critical evaluation of the available data to identify recommended values which can be widely accepted as the most accurate approximation of the true values. In the past, workers reporting new HE values have always been able to find one or more literature sets which agree with their new values even when their new values were not correct. This paper will attempt to rectify that situation.
An attempt will be made in these papers to establish selected values of HEat mole fractions of 0.25, 0.50, and 0.75 for each temperature at which data appear in the literature. Because of the large amount of data available at 298.15 K for the benzene( 1) + cyclohexane(2) system, the selected values at 298.15 will be fairly certain in this paper. At the other temperatures, the selected values will be much less firm but probably closer to the truth than any given set of data avail-able at the given temperature. The determination of selected values at three mole fractions will hopefully discourage the practice of comparing results only at the midpoint. As any experimenter or correlater knows, one can reproduce someone else's HE curve exactly at one or more points but deviate from it at all other mole fraction values. The use of three mole fraction points, while not completely satisfactory in the comparison of experimental or correlation results, will certainly shed more light than the use of the midpoint alone.
Whenever possible, recommended data sets will be identified. For benzene(l) + cyclohexane(2) at 298.15 and 323.15 K7 it is possible to identify individual sets of HE data which probably lie very close to the truth. At the other temperatures for which benzene + cyclohexane data appear, it is possible only to identify the best sets. Some obvious conclusions about the needs for new experimental data can be drawn.
Evaluation Procedures
The evaluation procedures are designed to satisfy two different kinds of users. A person doing design or correlation work needlS au identification of the best data sets available for a system of interest, plus some overall quality rating for each of those best sets so that the appropriate safety factors can be n~ed to allow for probable error. On the other hand. the person developing an experimental apparatus nee~~recom meri.aea~propeityvaluesat'some commonly-used test temperature so that he can verify the accuracy of his equipment and techniques.
The evaluation methods available for HE data are mu~h more limited than those for vapor-liquid equilibrium data. The Gibbs-Duhem equation does not apply to HE data be-,causeH E is not a partial molar property. If one differentiates an HE versus Xl data set in some correct manner to obtain iIF} values. those values must satisfy the Gibbs-Duhem eq~ation by definition regardless of the accuracy of the original data. The Gibbs-Helmholtz equation applies but is not useful. It relates HE to the temperature derivative of G E in the following way,
The last term is so small numerically that the relationship
is completely adequate to check the consistency of the vaporliquid eqUilibrium data with the HE data. A plot of G E IT versus liT at constant composition must havc a slope equal to the HE value at the given temperature and composition.
That is a &ensitive test for the relative location of the G E IT points from the various sets of vapor-liquid equilibrium data. On the other hand, the slope of the curve through the G E IT points is too sensitive to small discrepancies in the G E values to provide a useful check on the experimental HE values.
In the absence of any thermodynamic consistency test, the evaluator must rely on subjective methods. One can test the scatter of each reported HE data set, and one can com-pare each set to other published data sets-if there are other data sets. Otherwise, the evaluator has only his opinion concerning the probable accuracy of the experimental apparatus and techniques used.
.. Scatter Tests
As used here, the word "scatter" denotes the deviation of a reported experimental point from the correct experimental value, and not just from some arbitrary smoothing curve. Before assigning ratings to the literature data sets, an attempt is made to identify the correct shape or configuration for the system on whatever property plots are useful.
The scatter rating assigned to a set reflects how well the data set agrees with that established shape, as well as how much the experimental points "scatter" relative to each other. This procedure permits the assignment of poor scatter ratings to data sets which have been smoothed but are obviously incor- Two plots are used in the assignment of a scatter rating to a set of HE data-the HE versus Xl plot, and either the HE IX 1 X2 or the X 1 x 2 1H E versus Xl plot. The latter is the much more sensitive test and will often exhibit anomalies in the data set which are not apparent on theBE versus Xl plot.
The symbols and definitions for the scattel-ratings useU are given in table 1. The E (excellent), G (good), F (fair), U (unacceptable), and M (marginal) ratings apply to those data sets where the original experimental values are reported, and enough points are reported to establish the general shape and magnitude of the HE versus Xl curve. Unfortunately, it is quite common for data sets to be reported only in smoothed form (either in tabular or equation form), and it was neces~ sary to define the S (smoothed) category for that kind of data set. Also, some published data sets include an insufficient number of points to establish lh~HF. curve, and the N (none) category was defined for those sets.
It can be seen from the definitions in table 1 that three factors are considered in the assignment of a scatter ratingthe smoothness of the plot, the shape of the plot, and the spacing of the experimental points. It is important that the experimental points establish the magnitude and slope of the HE versus X 1 curve over the entire binary composition range.
That requires a certain minimum number of experimental points and a reasonable distribution of those data points across thecoIIlpusiLiun range. plots perfectly and obviously is worthy of an excellent scatter rating. Figure 2 shows more scatter but the points fall within a 0.5% band and an excellent scatter rating was assigned. Figures 3 and 4 illustrate the limits on the good scatter rating with the data set in figure 3 being dose to an excellent rating while the one in figure 4 is close to a fair rating. (The data set in figure 3 probably would have received an excellent rating if there had not been a gap in the mole fraction greater than 0.1). The example of a fair scatter rating in figure 5 appears at first glance to be similar to figure 4 but that is due to the difference in the ordinate scale factors. Figures 6 and 7 illustrate the marginal scatter rating, the first one due to excessive scatter in the data points and the second due to an incorrect shape of the smoothed data. In both cases, the HE versus
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x I plot gives the approximate magnitude of the deviation from ideality. When the approximate deviation from nonideality cannot be determined, an unacceptable scatter rating is given. No example is shown from the unacceptable rating.
Comparison Test
The comparison test uses a plot of HE values versus liT at a specified mole fraction. A plot is made for each of the following Xl values: 0.25, 0.50, and 0.75. The best curve is then drawn on each plot by the evaluator, and the pel :ntage deviation of each data set's value from that best I rye is calculated using
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Before drawing thebestH E versus 1 I Tcurve for a given mole fraction, the HE values from all the data sets at a given temperature are carefully inspected in order to establish a selected value at that temperature if possible. The techniques used to identify the selected values at individual temperatures are described later.
The HE values are plotted versus liT instead of Tin order to make the plot more useful in the Gibbs-Helmholtz test applied to vapor-liquid equilibrium data. The sign of the slope of the llTplotindicateswhethertheG E IT versus liT plot must be concave upward or concave downward.
The HE versus liT plot is illustrated in figure 8 for Xl = 0.50. The plots atx I = 0.25 and 0.75 were very similar to the one shown. On all three plots, it was possible to establish with considerable certainty the selected values at 298.15 and 323.15 K. That could not be done with the same level of certainty at any other temperature. Fortunately, the data of Elliot and Wormald (MRL 40319) probably define the location of the best curve quite accurately above 323.15 K. Their point at 280.15 K (extreme point at right end of the plot) falls slightly below the straight line drawn as the best curve, but the straight line agrees so well with all their other five points that it did not seem reasonable to put a bend in the curve below 298.15 K.
Due care must be taken to use HE values at Xl = 0.25, 0.50, and 0.75 which represent each data set as well as possible. First each set is fitted one or more times with the Redlich-Kister equation,
where the degree D used can be 1, 2, 3, 4, or 5. Reliable HE values at any specified molefraction will be provided by such a fit only if the data points are very smooth and well distributed. Hence, it is necessary to inspect the HE versus Xl plot for each set of data and modify the equation values at Xl = 0.25,0.50, and 0.75 as necessary to conform with the experimental data points in the regions of those mole frac- tions. Also, the computer program used to make the fits tabulates the experimental and the calculated values as a function of the mole fraction, and that tabulation must be inspected for each data set to determine whether the fit is running high or low in the region of the given mole fraction. In some cases, it is not possible to establish an HE value with any certainty at a given mole fraction; no data point appears on the HE versus 1 IT plot for such data sets. Whenever there is some slight uncertainty as to the most representative value, the question is resolved by choosing that possible value which favors the data set on the comparison plot.
Quality Ratings
The results of the scatter and comparison tests are used to assign a quality rating to each set of data. Those ratings are defined in table 2 and are designed primarily for the person doing design or correlation work.
The criteria used to relate the quality rating to the scatter and comparison test results for the benzene( 1) + cyclohcxane(2) system are given in table 3. Note that it is possible to specify different percent deviation criteria at the three mole fractions, but it was not deemed necessary to do so for the almost symmetrical benzene(1) + cyclohexane(2) system. 'fhe worst test result controls the quality rating as- signed. For example, a data set with an excellent scatter rating and with percent deviations below 1.0 at both Xl = 0.25 and 0.5 will receive a D quality rating ifthe percent deviation at Xl = 0.75 falls between 4.0 and 6.0. Or, if a set receives a fair scatter rating, it will be assigned a C quality rating even though all the percent deviations are below 1.0.
Smoothed Data Sets
Those sets receiving the S (smoothed) scatter rating are assigned quality ratings based solely on the percent deviation at Xl = 0.25, 0.50, and 0.75-if any of those quantities are available. Depending upon the deviation values, the. quality rating assigned can be anything from A to E.
If no percent deviation values are available, the scatter rating assigned to a smoothed data set will be ABC. In the absence of any other information, the smoothed scatter rating does exclude the D and E quality ratings but cannot distinguish between the A, B, and C quality ratings.
Other Multiple-Leiter Quality Ratings
Multiple letter quality ratings occur in situations other than the one described above for the smoothed scatter rating.
In general, if one of the regular scatter ratings (TI, 0, P, M, and U) is assigned and there are no other evaluation test results, the first letter of the quality rating assigned will be the one corresponding to the scatter rating and will be fol-IQw.ed_by the lettersfor the next two low qualityrating~. No more than three letters are ever included in a multiple-letter rating. For example, if the only evaluation test result available is a good scatter rating, the assigned quality rating will be BCD. Or, if a marginal scatter rating is the only evaluation test result, the assigned quality rating will be DE.
No Quality Rating
When the scatter rating is N (for none), the quality rating is determined solely by the available deviation values. If the comparison test cannot be made and no deviation values are available, an N (for no quality rating) is assigned to the data set. Table 4 lists the evaluation re~n1t~ for all the data sets evaluated for the benzene( 1) + cyclohexane(2) system. Each set of data is represented by a single line. The literature references are the Laboratory's Master Reference List (MRL) numbers which were assigned to the individual documents when they were retrieved. The literature citation for a given MRL number can be found in table 27. The MRL number also appears on the tabulation of each set of data. The data sets are ordered with respect to temperature. Use of these data sets should be restricted to those sets with quality ratings of A, B, and C with C sets used only if no A or B sets are available. One major factor in the choice of these particular values was the desire to include as many of the E (excellent) and G (good) scatter rating sets as possible in the ± 0.5% band around the selected values.
Summary of Evaluation Results
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Effect of Equipment Type
An attempt has been made in table 8 to characterize with a string of descriptors some of the apparatuses which have had a major impact on the development of heat~of mixing calorimeters. That list covers ouly tbose::: iustrume:::nts which have been used to measure publishable HE data for the benzene + cyc10hexane system. The large numher of devicl's which have been llsed made it impractical to assign a separate code number to every apparatus. Only the more important representatives of each general type are described separately with the rest of the devices within each type being lumped together under a Miscellaneous code number for that type.
A complete, specific and accurate description of beatof-mixing l;alurilIle:::te:::rs ilS difficult to ad1ieve::: for three reasons. First, an amazing· variety of apparatuses have been developed and a very long list of descriptors would be necessary to cover all aspects of constnlction and operation.
Second, a device often will fall between two obvious descriptors and it is necessary to invent a word to indicate that inbetween status. Third, many devices are not described clearly in the literature. Often, no description is given in the document reporting the data of interest; instead, the reader is re:::fe:::rre:::d to OIle::: or IUU1-e::: pn:vioulSly-published documents.
Sometimes those previously-published documents describe multiple versions of the apparatus and the technique used, and it is often impossible to determine with complete certainty just how the data were measured. In view of these difficulties, we apologize for any incorrect descriptions of apparatuses, and we request correction by any researchers who may object to the way their apparatuses have been described and classified.
Definition of Descriptors
The equipment types listed in table 8 are divided into four groups based' on the mass flow pattern used: batch, semi-batch, plug-flow, and backmix. A batch vc:::sse:::l bas no inlet or exit mass flows during the time period when the heat of mixing is being measured. A semi-batch vessel has one inlet stream but no exit stream; these vessels are commonly termed dilution vessels because one component is initially charged to the vessel and then diluted by addition of the second component. A plug-flow vessel is a tubular device with two continuous feeds and one continuous exit stream; the two inlet streams are merged and flow through the vessel in the mixed state but there is no attempt to achieve complete axial mixing. A backmix vessel is also a continuous flow device with one or two continuous feeds and one continuous exit stream, but there is complete axial mixing.
The inlet feed streams may. be none, one, or two, and they may be intermittent or continuous.
Three descriptors are used to describe the reaction vessel volume. The semi-batchvesselmust have a variable volume if a vapor space is to be avoided. A flow vessel will have a fixed volume. A batch vessel must have a vented fixed volume to avoid a vapor space; the "vent" is usually a capillary tube in which the height of the vessel liquid can vary as the volume change of mixing occurs.
Vessels are described as having a vapor space or no vapor space. No attempt is made to distinguish between large and small vapor spaces.
Three types of mixing are recognized: mixing by rocking, stirred mixing, and flow mixing. Flow mixing is accomplished by forcing the liquid through constricted flow passages or over flow obstructions to create turbulence.
An accurate description of the vessel temperature mode is not possible with just "isothermal" and "adiabatic". No vessel is completely isotbermal·or--adiabatic; they all fall-somewhere between those two extremes. However, the departure from isothermal operation can be easily characterized by the temperature change which occurs; it is not so easy to characterize the departure from adiabatic operation. The descriptors finally selected for use are isothermal, semiisothermal, and nonisothermal. A vessel was classified as isothermal if it contained control mechanisms which could keep the departure from the set temperature below 0.01 K. A SCnll-isotbe!-mal vessel is one which brings the liquids back to the set point eventually but makes no serious attempt to keep the temperature excursion below 0.01 or even 0.1 K. A non-i~othermal ve~~el i~ one where adiabatic behavior is approached and no attempt is made to return the vessel temperature to the set temperature immediately.
Temperature sensors are described as being internal or external. An internal sensor is one immersed in the vessel liquids in a manner which permits the accurate sensing of the liquid temperature. An external sensor is one which is separated from the mixing liquids by the vessel wall, i.e., there is a large heat transfer resistance between the sensor and the liquid in the vessel. Sometimes when the sensor is in a glass or metal well which extends into the mixed liquids far enough to permit an accurate measurement, it has been classified as an internal sensor.
A calibration heater is used to determine the response of the vessel and its contents to an accurately measured energy input. The descriptors used are none, internal, and external. An external calibration heater is one mounted on the outside of the vessel wall. Usually the energy released by an external heater can flow to regions other than the vessel contents, and the calibration factors obtained are dependent upon the flow regime and the liquid transport properties inside the vessel. A control heater is used to maintain the mixing vessel at the set temperature. As in the case of a calibration heater, the descriptors used are none, internal, and external. An external control heater is subject to the same kinds of problems as an external calibration heater. Sometimes the same heater serves as both a control heater and a calibration heater.
A cooler is used to remove-energy from the mixing vessel. The descriptors are none, conduction, convective, and thermoelectric. A conduction cooler is a thermopile with one junction in thermal contact with the mixing vessel and other in contact with the heat sink; the metal connectors conduct heat from the vessel and the amount of energy transferred is monitored by the voltage produced. A convective cooler uses a flowing liquid to remove energy by heat transfer from the cell. A thermoelectric cooler is similar in principle to a conduction cooler but a fixed voltage is imposed in order to create a fixed.::1 Tbetween the junctions and cause a constant rate of heat transfer from the vessel.
A reference cell which is a duplication of the mixing cell (vessel) is sometimes used to cancel out all energy effects (stirring, energy dissipation due to viscous forces, etc.) except the heat of mixing.
The heat capacity of the mixed liquids plus the mixing vessel is required whenever the vessel contents are not returned to the temperature which existed before mixing. Often the heat capacity is not determined per sea Instead, the temperature response of the vessel to a known energy input is .. determined and used in the calculation (')f-the HE tn a manner analogous to the use of the actual heat capacity. The descriptor "heat capacity needed" is used for that technique also.
After the string of descriptors for each equipment-type code in table 8, the basic phenomenon used to measure the heat of mixing is given. Other qualifying material may appear also.
Equipment Performance
The VanNess semi-batch vessel (code 05) has been the most popular design with thirteen sets of data reported. ,... ,... provided values at Xl = 0.25.) Four sets fell within the ± 0.5% band at Xl = 0.5 but only two sets feU within the band at the other two mole fractions. Another semi-batch vessel (code 06, Miscellaneous Semi-Batch Vessels) besides the Van Ness vessel produced one set of data which fell within the + 0.5% band at Xl = 0.25 and 0.75 but not at 0.50.
-The Wadso plug-flow vessel (code 07) has been used for two sets of data and both taU within the ± U.5% band at aU three molefl:actions~ Two sets of measurements have been reported from the Pioker plug-flow vessel (oode 08). All the points fall outside the ± 0.5% band except for the value at Xl = 0.50 for one set.
. MRL 40319 reports two sets of measurements with a Wormald plug-flow vessel (code 09). Both fall within the ± 0.5% band at all three mole fractions.
The Wormald backmix vessel (code II) was used for one set of data. The values at Xl = 0.50 and 0.75 fell within the ± 0.5% band but the Xl = 0.25 value did not. 
Selected Point Values at Other Temperatures
Recommended Data Sets
The selection of a recommended data set can be done with considerable certainty at 298.15 and 323.15 K. At the other temperatures where more than one useable set are available, it is possible only to identify those sets which deviate least from the selected values at Xl = 0.25, 0.50, and 0.75.
It is possible also to identify some recommended data sets at temperatures where only one set of data is available. The best scatter rating assigned to a 303.15 K data set was the fair (F) rating given the MRL 5022 set (Sosnkowska-Kehiaian and Woycicki, 1965) . However, that set had percent deviations of 5.2, 5.5, and 5.1 % from the best curves which downgraded it to a D qUality rating. One other set (MRL 178, Noordtzij, 1956 ) also received a D quality rating because, based on the plot shown in figure 6 , it received only a marginal (M) scatter rating. However, the percent deviations for the Noordtzij set are only 2.8, -2.4, and -1.4.
Based on the lower percent deviations and on the HE versus x I plots (not shown), the Noordtzij set appears to be closer to the truth than the Sosnkowska-Kehiaian set. Table 12 lists the Noordtzij data points and figure 6 shows the HE /X 1 X 2 versus x 1 plot. Both available sets at 313.15 K-MRL 62 and MRL 66-received D quality ratings. The better of the two setsthe MRL 66 set-received a fair (F) scatter rating but was downgraded to a D quality rating by the fairly large deviations ( -3.8, -1.0, and -5.0%) from the best curves at Xl = 0.25,0.50, and 0.75. The MRL 62 set also has fairly large deviations at X I = 0.25 and 0.75 and, in addition, has a large gap in the middle composition range which prevented a comparison atx I = 0.50.
The MRL 66 set is tabulated in table 14 and plotted in figure 16 . do the other two. The MRL 53 and MRL 3633 sets received only fair (F) scatter ratings because of mole fraction gaps greater than 0.15 at low Xl values; neither set contains any points below Xl = 0.20. Otherwise, the scatter, point distribution, and curve shape were good enough to warrant a good (G) scatter rating.
The MRL 904 set was reported in smoothed form and, ~eca~se of the small percent deviations from the best curves, received an A quality rating. The best curves on theH E versus l/Tcomparison plots are defined primarily by the data sets of Elliot and Wormald 
Figures 21,22, and 23 show that the impression created by this type of plot is a function of the equation used to represent the individual data sets. Obviously, the same degree should be used for all the sets compared and that degree must be chosen carefully after trying all the reasonable possibilities. For the system being considered here, D = 2 is obvi~ ously not sufficient; all the eight sets fall within the· ± 0.5% band atxl = 0.25, 0.50, and 0.75 but, as shown in figure 21 , the D = 2 representations fall outside the band for two sets at Xl = 0.25 and for one set at 0.75. TheD = 3 representations in figure 22 all fall within the ± 0.5% band at all three mole fractions but, as can be seen from figure 23, one set falls outside the band at Xl = 0.25 when D = 4 is used.
The large deviations shown at high and low x 1 values are unfortunate but not important insofar as the comparisons of the eight selected sets are concerned. Those deviations simply reflect the fact that a three-constant equation constrained to the Xl = 0.25, 0.50, and 0.75 points is not likely to have the correct shape in the 0.0 to 0.25, and 0.75 to 1.0 mole fraction ranges. The primary consideration in figures 21,22, and 23 is not how well the individual sets agree with eq (7) but how well they agree with each other; eq (7) simply provides a common reference for all the sets being compared.
It can be seen from figure 22 that sets 3990, 5308, and 40365 deviate significantly from the other five sets. Further deletions are difficult and may be incorrect. However, the 1616 set lies below the remaining sets in the Xl = 0.0 to 0.5 range, and the 942 set is first low and then high in that range.
The remaining sets-106S, 19177, and 40319-are tabulated in tables 24, 25, and 26 and plotted in figures 24, 25, and 1, respectively. The HE /x t x 2 plots indicate that the 19177 and 40319 sets are somewhat better behaved at low x t values. Figure 22 shows that the 19177 and 40319 sets agree within about 0.1 % at low X 1 values but differ by almost 0.5% -~--~~~~-
New Experimental Measurements Needed
Firm s~l~c.;iiollS uf reCOIll111elld~u data sets can be made at 298.15 and 323.15 K. Reliable measurements are available at 280.15, 348.15, 373.15, and 393.15 K. Obviously, the situation is good for HE data for the benzene + cyc10hexane system. New measurements to confirm the Elliot and Wormald measurements at temperatures other than 298.15 and 323.15 K would be desirable, particularly at 280.15 K to determine whether or not there is curvature in the HE versus liT plot at low temperature. Measurements at temperatures higher than393.15 K would be interesting but probably would not satisfy any pressing practical need. The 280.15 to 393.15 K range already covered will probably by sufficient for any practical correlation or chemical processing purposes for this system.
Data Set Tabulations
Tabulations of all the data sets covered in this paper is not feasible due to their large number. Any person who wants a set of the tables should contact the Director, Thermodynamics Research Laboratory, Box 1144, Washington University, St. Louis, Missouri 63130. Copies of the HE tables with the HE /X I X 2 versus Xl plots on the back of the pages will be provided for $0.50 per set of data plus $5.00 for handling charges. The entire set of tables/plots must be ordered; requests for individual sets of data will not be processed. An invoice will be mailed with the tables. Table 27 is the bibliography for excess enthalpy data for the benzene( 1) + cyclohexane(2) system. The identifying number for each citation is the Laboratory's Master Reference List (MRL) number which was assigned to the cited ducument Wh~Il its c.;opy was retrieved. That MRL Humber relates the citation in table 27 to the data set tabulations, and to the various tables and figures used in the main body of this report. .
A few of the documents listed in table 27 report HE data in a form which did permit transcription and processing. In most of those cases, the data were presented only in graphi;. cal form. They have been included in the bibliography in order to provide complete coverage of the HE literature for the benzene(l) + cyclohexane(2) system. 
